This article presents a further development of the hypotheses concerning the possibility of predicting ("tectonic") earthquakes [1] . Those hypotheses are based on the conversion of all types of released energy into heat and active chemical substances. One of the important sources of this phenomenon is the release of the latent energy trapped and stored during the Earth's accretion. The latent energy of primordial hydrogen and helium escaping from the Earth's core and lower mantle causes degassing processes [2] [3]. This latent energy converts into totally different types of chemical, electromagnetic and thermal energies of active compounds that are responsible for the major endogenic terrestrial processes. The dominating theories in seismology and volcanology are that an earthquake results from a sudden slip of a tectonic fault and that only magma and the gases contained in magma supply the volcanic energy resulting in the conclusions that earthquakes and eruptions are unpredictable. Volcanic eruption is considered herein to be a special case of the earthquake-process in which earthquake hypocenters rise to the Earth's surface. A possible solution is proposed ([1] and herein) based on the analyses of the physicochemical processes as participants in earthquake and eruption preparations (foreshocks -major shock -aftershocks -volcanic eruptions) and on the characteristic rates of reflection of these processes on the Earth's surface. Influences of Sun-Moon-tides and volcanic ("harmonic") tremors are analyzed from physical-chemical point of view. The case of the 1980 eruption of Mount St. Helens and the proposed monitoring of the recommended additional data provides a way of selecting a complex of reliable earthquake and volcanic eruption precursors.
. Computer-generated surface map of the planet Earth showing plate margins (blue lines), illustrating a good correlation of active volcanoes (red triangles) with earthquake epicenters (yellow dots) (Compiled after Internet data, mainly provided by USGS Smithsonian Institution sites and NOAA/NGDC). In this article, tectonic earthquake and eruption processes are discussed as a series of chemical explosions caused by physicochemical processes, partly reflected on Earth's surface in which a volcanic eruption is argued as a special case of earthquake where the hypocenter rises to the Earth's surface, forming a volcanic chamber at a shallow depth [2] [3] . Explosives (reactive gases) are produced by the flow of primordial H and He from the core and the lower mantle, where the pressure-temperature (PT) can exceed 1,000,000 atm. and 5000 K, into the atmosphere and furthermore into the plasmosphere (Figure 2, Figure 3 , Table 2 ). This flow is undeniably a major energy source and can be easily transferred from mantle plume along major faults, quickly concentrated, focused and explosively released, thus producing very high velocities of energy release and all the geophysical and geochemical anomalies typical of earthquakes.
Concentrations of highly explosive clusters are responsible for the observed intermediate "quakes" (foreshocks -major shock -aftershocks) within their Figure 2 . Hydrogen in the Exosphere is clearly identifiable in ultraviolet images. Figure 2 is one of the first images of the geocorona which was taken in 1972 by astronaut John Young while on the Moon. The Apollo 16 mission carried a U.S. Navy ultraviolet camera that observed the stars and also produced this striking photo (far left) of hydrogen in the plasmasphere around the Earth. It was colorized (left) to show brightness variations (https://science.nasa.gov/science-news/science-at-nasa/1999/ast16feb99_1/). Taken from the site https://malagabay.wordpress.com/2013/04/11/terrestrial-degassing-of-hydrogen-and-heli um/. ascending hypocenters. Cold nuclear synthesis (fusion) and natural fission reactions are also under consideration as the major internal energy sources. The whole assemblage of hypocenter preparation processes is accompanied by the generation of electromagnetic fields, which in contrast to other processes, are instantly reflected on the Earth's surface.
The conclusions of many of the last years' studies are that geodynamics of the high-seismicity regions and the nature of great earthquakes are related more to the mantle plumes and not to movements along the particular faults [16] .
Moreover, the slowing of Africa's motion between 67 and 52 million years ago and the synchronously unusually rapid motion of the Indian plate, its push to collision with Eurasia causing huge scale seismicity and eruptions of the Deccan flood basalts, were all convincingly related to the force of the Reunion plume head [17] . Mantle plumes, the hypothetical thermal diapirs that are supposed to solve the energy problems of the theory of plate tectonics, are supposed to do this by carrying heat from the liquid core upward to the lithosphere in narrow rising columns supposedly driven by convectional heat exchange and independent of plate motions. However, their formation on the liquid core to lower mantle boundary and the driving force cannot be explained by the hypothetical temperature difference between the uppermost liquid core and the lowermost mantle. The big difference between the magma's specific heat capacity (0.35 cal/g degree) and it's heat of fusion (120 -165 cal/g under atmospheric pressure) for melting magma, demands an amount of energy higher than for heating it to 400˚C; thus, being 300˚C -400˚C hotter than the surrounding rock as the only energy resource at the core-mantle boundary, these plumes cannot melt-through the almost 3000 km thick solid mantle. Even more doubtful is the possibility that their plume head could provide (described above) additional energy supply on a planetary scale [17] . We will try to show herein that the additional mentioned above energy sources can solve the unresolved energy lack problem of the mantle plumes, earthquakes and volcanic eruptions (Chapter 2 and 3). Principles and results of forecasting of the regional imminent seismic activity based on the analysis of one minute of INTERMAGNET geomagnetic field data and NASA codes for Sun-Moon tides -Geomagnetic Quake (GQ) are also described. Examples of prediction of the period, magnitude, depth, and coordinates of the hypocenter of an impending earthquake are based on the Inverse Problem Method for the analysis of monitoring data variations of geoelectromagnetic fields. The necessary and sufficient conditions for the existence of a solvable inverse problem are formulated based on the Dubna method for discovering the hidden dependences. The accuracy of prediction will depend on the values of depth, coordinates, time, magnitude of the impending earthquake, number of monitoring points, geology of the region, and on the ill-posed quality of the received over determined non-linear algebraic system [1] 
Degassing Energy Flows and their Effects: Mantle Plumes, Earthquakes, Volcanic Eruptions
The authors of references [2] [3] have proposed a conceptual system of hypotheses, which explains that during Earth's accretion, primordial hydrogen and helium (enriched in 3 He) were trapped and stored in the planet's interior as Heand H-interstitial solutions and compounds, stable only under ultrahigh PT-conditions, which were discovered in recent experiments. The endothermic reactions of their generation provided effective cooling of the planet and prevented its evaporation, where the end products of those reactions were more compact than the initial gases. Since stabilization of our planet, exothermic processes of H and He degassing became dominant, releasing the energy invested in their generation. The specific energy of the core-lower mantle H and He was calculated with K, gravitational differentiation in the Earth's liquid core and the energy of lunar tides), the chemical energy can be carried by the reactive "volcanic" gases, and concentrated and focused in the mantle-plumes, generating great earthquakes and volcanic eruptions. This energy is: a) quasi-constantly released during billions of years of the Earth's existence and practically limitless; b) can be quickly concentrated and focused; c) is of very high density; d) offers very high velocities of energy release; e) has small losses during transportation over long distances [2] Chatelier-Braun "The Equilibrium Law" ("whenever a system in equilibrium is disturbed the system will adjust itself in such a way that the effect of the change will be nullified".). The present volcanological paradigm postulates that only magma and its contents are responsible for all the energy supply of the plutonic processes. However, we know many cases of volcanic eruptions which only produce tremendous amounts of gases. The common observation is that the total amounts of chemicals released to the atmosphere by volcanic activity is usually many-fold greater than that which could be contained in the extruded amounts of lava or ash ( [2] [3] references there). As an example, Fedotov [22] calculated the heat-power of the burning gas-eruption column of the northern Tolbachinsk (Kamchatka) fissure-eruption (6.7.1975 -10.12.1976 [22] . We think that this is a case of a separate from magma three-dimensional reactive gas transfer, and there is no correlation between volumes of magma and erupting gases.
The pathways of magma through the crust, via magma chambers to eruption are inaccessible to direct observation and hence poorly understood. Thus Jaggar [23] reported the results of temperature measurements of the Kilauea boiling lava lake surface to be roughly 1140˚C, with a depth of 131 m to a depth of zero (when the lake was practically dry), and finding that there was no conduit supposedly connecting the lava lake with the mantle, only fractures. However, the lake somehow received its energy from the mantle. The same results were encountered by Tazieff [24] when Nyiragongo Volcano in Zaire empted in 1977
during an earthquake the bowl of its crater, flooding during 25 minutes 2000 hectares with 1100˚C basanite lava pouring forth through fractures that suddenly opened in the lava lake. There were no vertical conduits with convecting liquid magma in the empty crater, and not even a large but empty one, only fractures. Similar results were obtained lately [25] , using a joint local and teleseismic earthquake P-wave seismic inversion revealing a basaltic lower-crustal magma body and a few km thick fractured rock that provides a magmatic link between
Yellowstone mantle plume and the previously imaged upper-crustal magma reservoir [25, figure 3 and figure 4 ].
Huang, H.H., Lin, F.C., Schmandt, B., Farrell, J., Smith, R.B. , Tsai, V.C. [25] state that "seismic images depict characteristics of the entire Yellowstone magmatic system from the upper mantle to the crust in which the west-northwest-dipping plume is the magmatic source that generates the mafic/basaltic partial melts that intrude into lower crust to produce more silicic magma, and then intermittently ascend to shallower depth to form the rhyolithic He, 4 He, 3 H and earth neutrinos [27] [28] [29] [30] [31] [32] [33] dissociate "stable" compounds and catalyze new fission and fusion reactions.
2) The natural fission nuclear reactors with fast neutrons on the boundary of This causes a chain reaction of explosions -the major earthquake.
10) Part of the energy of those processes will be stored in the mantle as clusters of cracks and cavities close to blocks boundaries. These ill became natural centers of accumulation of hydrogen, helium and active substances which are transported by plumes and by diffusion in the preparation stages of the next earthquake. This comprehensive model may help find solutions to practically all enigmas and questions related to the lack of a plausible energy source for the mantle plumes, earthquakes and volcanic eruptions.
The Hypothetical Physical Chemistry of the Earthquake-Hypocenter -Volcanic-Eruption Preparation as a Basis for Their Prediction
The possible solution of the short-term earthquake prediction problem is proposed herein based on the analysis of the physicochemical processes as participants in earthquake preparation and on the characteristic rate of reflection of these processes on the Earth's surface. This proposed solution provides a way of selecting a complex of reliable earthquake precursors using the Inverse Problem Method for earthquakes which will occur in the region around the monitoring point (radial distance ≈ 700 km) in the next seven day period [1] . Semenov already declared [38] that the trains of chemical explosions are chemical branched chain-reactions. This declaration is supported by a comparison of seismograms from earthquakes and nuclear explosions where the complexity of natural events (earthquake) is higher than that of artificial events (explosions). Micro-or macro-foreshocks are forerunners of the major shock. Natural earthquakes are more complex than nuclear explosions at teleseismic distances and the difference between them is obvious. This difference is observed very clearly in the relationship of solids to surface-wave amplitudes [39] . The nuclear weapons test is just an explosion sometimes followed by aftershocks, whereas earthquake is the superposition of the totality of explosions which are distributed in space and time.
Prerequisites for the chemical explosions are the critical concentrations of reactants and their ratio which depends on PT-conditions [38] [40] [41] . The critical concentration of the reactants and critical size of the explosive substances cluster is the first necessary condition of the local explosion [42] . The possibility of explosion propagation (or detonation) to other clusters depends on the distance between clusters or on the cluster volume concentration. The critical or more than critical concentration of ready to detonation volume of explosive substance clusters is the second condition of earthquake. Too large a distance between clusters limits propagation of detonation possibility due to the local explosion's energy being absorbed by the surrounding matter. This absorption causes local heating of matter and formation of the chemically active substances [43] .
Relatively small concentrations of the explosive clusters before an earthquake produce foreshocks, which prepare an earthquake's major shock. Combustion of most of the clusters during the earthquake process decreases their concentration and generates aftershocks, (which take part in the rising hypocenter) and cause the relaxation of the surrounding matter.
Formation and accumulation of the explosive substances cluster, and preparation of the earthquake, is a totality of process. The hypocenter is an open thermodynamic system which uses all of the possible degrees of freedom. This system is non-linear due to a principally different rate of separate processes: The diffusion and filtration of molten matter through porous rock and cracks, heating and cooling, and stress and strain flow. An earthquake may be described as a International Journal of Geosciences bifurcation, which returns part of the mantle -lithospere system to their main trajectory of development, which corresponds to minimal internal free energy of the system and maximal rate of entropy production in the macrosystem. In the comparison of possible energy sources for earthquake and volcano eruption, consideration must be given to the fact that from all the known natural means of transmitting the needed energy, its transportation by chemical reactions is 2 -3 fold more effective than the convective transportation by mass of the heat-carrier. The following possible reactants participate in earthquake explosion: hydrogen -oxygen; hydrogen -halogens; hydrogen -sulfur; alkanes (methane, etc.) -oxygen; alkanes -halogens; alkanes -nitrates, etc.
Explosive substances are produced and accumulated due to the energy which is released in the earth's core, mantle, and lithosphere, by the five main sources listed below [1] :
1) The cold nuclear synthesis (fusion reaction) is an important source of energy, and a source of additional flow of 3 H, 3 He, 4 He and earth neutrinos as
shown by experiments of cold fusion on boundaries Fe-Ni and melt of aluminum silicates, iron and nickel compounds and oxides eutectics [27] [28] [29] [30] [31] [32] [33] .
2) The natural fission nuclear reactors with fast neutrons on the boundary of 
Sun-Moon Tides as the Most Important Triggers for Earthquakes
Tidal waves cause dissipation of energy in the mantle and lithosphere, periodic stress -strain waves create peristaltic effect and increase the rate of the rising of plume matter. Velocity of tidal waves in the lithosphere (460 m/s) is higher than the critical rate of brittle cracks propagation, so that cracks are generated. Cracks Most of these processes are accompanied by electromagnetic phenomena. The rate of the magnetic field propagation is ~300,000 km/s which means that geomagnetic signal approaches the Earth's surface without any delay. However, the time taken for relaxation processes, for creating electrical currents, and for changing the local geomagnetic field is much longer than that of magnetic field propagation. Rate of detonation at atmospheric pressure varies from 3 to 11 km/s (more than the velocity of sound) whereas the rate of the longitudinal and transverse waves in the solid mantle varies from 8 to 13.5 km/s for P-waves and from 4.5 to 7 km/s for S-waves. The rate of all other processes may be much smaller. For example, the rate of plume matter movement, of diffusion or filtration through fractured or porous rock, may be very low also. Thus, processes of earthquake-hypocenter preparation comprise a multi-parametric non-linear International Journal of Geosciences system, which compensates differences in times of response or relaxation of different processes by bifurcation (explosion). Only electromagnetic phenomena and compressional waves reflect the processes of earthquake-hypocenter preparation in the real time. All the rest of the precursors related to mass-heat transport arrive at the Earth's surface with a delay depending on the depth of the hypocenter and of the local geophysical conditions reflecting the rate of reactants accumulation in the hypocenter. This means that the probability of earthquake can be estimated in accordance with the alterations of the maturing earthquake hypocenter susceptibility to the tidal waves. Our concern is with the alterations of the compressibility of the hypocenter medium with the passage of tidal waves, possible changes of the forms of tidal waves, variations in infrared radiation, and release of gases during tidal waves passage and correlation of these processes with the condition of the ionosphere. The Ionosphere is influenced by the electromagnetic fields of the hypocenter and of its feeder area, and also by the processes of brittle cracks propagation and generation which can be accompanied by the radio-frequency electromagnetic radiation and outbursts of high energy particles.
The monitoring system has to use parameters with a characteristic time of response equal or shorter than the duration of hypocenter matter relaxation. Moreover, the time it takes for measurement of these parameters has to be shorter than the time of earthquake preparation. Time and the rate of the processes involved are variable and may accelerate toward earthquake or bifurcation. It means that a relatively short-time reliable prediction may be based only on monitoring the changes of the electromagnetic fields and viscous-elastic waves as response to tides only [1] .
For the longer time prognosis, other reliable precursors have to be included.
Volcanic ("Harmonic") Tremor
Spasms of volcanic ("harmonic") tremor have always been noticed as a part of the preparation of the volcanic eruption and are usually explained by the movements of magma in the volcanic conduits, the venting of volcanic gases from magma, or both. The tremors are described as a type of continuous, rhythmic ground shaking which is different from the discrete sharp jolts characteristic of earthquakes and explosions, and characterized by special seismic signatures ( Figure 4 ). However, very often tomography of the underbelly of a volcano shows an absence of any major conduit, where the solid rock contains only dikes and fractures passable only to the gaseous matter that is the feeder of its activity (e.g. Yellowstone, Chapter 2). We think that volcanic tremors (and shallow earthquakes) are generated by the reactive "volcanic" gases streaming into the volcanic chamber ahead of magma. As is usually observed, the harmonic tremor is accompanied by the increasing activity of tectonic-like and shallow volcanic earthquakes. The generating them movement of the medium includes phase transition through parallel channels or local resistances (e.g. liquid -gas -liquid) can lead to pulsations (cavitation), 
Regional Earthquake Triggering Other Earthquakes and Enhancing Volcanic Eruptions
Answering the question whether a regional earthquake can trigger another case the documented by authors [14] facts evidence the incredible rate of the energy transfers through the internal channels of our Planet.
The Case of the 1980 Eruption of Mount St. Helens
As we have already noted (Chapter 2) earthquakes precede and accompany vol- The swelling was measurable and affected a large area on the north face of Mt.
St. Helens. This area became known as the "bulge", the initial growth of which probably began during the first eruption (March 27) or perhaps even a few days before. Through mid-May about 10,000 earthquakes were recorded. The earthquake activity was concentrated in a small zone less than 1.6 miles directly beneath the bulge on the north flank of Mount St. Helens. By May 12 certain parts of the bulge near the summit were more than 450 feet higher than before the magma intrusion began. Repeated measurements begun in late April with precise electronic instruments that shoot a laser beam to reflector targets placed on and around the bulge showed that it was growing northward at an astonishing rate of about 5 feet per day. The movement was predominantly horizontal -clear evidence that the bulge was not simply slipping down the volcano's steep slope.
As the bulge moved northward, the summit area behind it progressively sank, forming… graben. These changes in the volcano's shape were related to the overall deformation that increased the volume of the mountain by 0.03 cubic miles by mid-May. This volume increase presumably corresponds to the volume of gas-liquid magma that pushed into the volcano and deformed its surface [ [54] p. 8].
A separate volatile phase was likely accumulated in magma beneath Mount St.
Helens prior to the climactic eruption. The highly volatile contents likely supported magma ascent, where the rise of magma appears to have been rapid dur- This explosion produced a lateral "pyroclastic density current". Most geologists refer to it simply as "the blast", though some prefer the term "surge", contending that it was not really an explosion. The blast cloud accelerated as it spread, drawing heat energy from the fragmented magma it contained. Inside the cloud were ash, pumice, lava blocks, snow, ice from the overlying glaciers, tree fragments, soil swept from the ground, and boulders as big as cars. It ex- area, a zone in which trees remained standing but were singed brown by the hot gases of the blast ( Figure 6 ).
Discussion about the mechanism of the 1980 Eruption of Mount St. Helens
Our (the authors) conclusion differs from that of the most of the USGS geologists (e.g. [54] ): earthquake triggered landslide-avalanche that "triggered the al- Paonita et al. [11] described their success with a high resolution 12-yr-long time series of 3 He/ 4 He ratio measurements in gases emitted from peripheral vents around the Mount Etna volcano (Italy), which revealed variations with strong correlations over both time and a broad spatial scale. The main eruptive episodes are preceded by increases in 3 He/ 4 He, making this ratio a unique tracer for monitoring volcanic activity. Sano et al. [58] wrote that this tracer was the only one capable of providing clues about increasing activity of the Mount Ontake eruption in Japan over a timescale of years. This approach is widely applicable, because time-dependent He-isotope mixing between primitive and more radiogenic end members appears to be common in active volcanoes [59] . Paonita et al. [11] recommended a long-lasting time series with sufficiently frequent samplings and high precision 3 He/ 4 He measurements in air-free volcanic gases, "since even small isotope variations (fractions of 1 Ra unit) can reflect important volcanic processes". We have to remind that remarkable correlations between mantle helium-3 concentrations and internal heat-flows, found by many researchers in sea-floor hydrothermal flows since 1970s (e.g. [60] ), and numerous subsequent articles (e.g. [61] , may be another direct indication for this connection, and highly recommend the International Journal of Geosciences valuable indicator for eruption forecasting, together with the direct heat-flow monitoring from satellites.
Donne et al., [14] successfully used for a similar purpose the moderate resolution imaging spectroradiometer (MODIS) sensor flown aboard the National Aeronautic and Space Administration's Terra and Aqua satellites. The MODIS sensors on these two satellites pass over every point on the planet four times a day, allowing detection of thermal anomalies associated with ongoing volcanic activity. The MODVOLC detection algorithm allows automated global hotspot detection in MODIS data and provides a global inventory for volcanic hotspots dating back to February 2000 [62] . Spectral radiance data recovered for hotspots detected by MODVOLC can be converted to heat flux for all terrestrial eruptions [63] .
Ouzounov et al., [13] This method requires at least 4 monitoring points in a region (radial length 700 km) to formulate the solvable over determined algebraic system. A combination of the geomagnetic measurements and of the above listed additional reliable precursors is bound to allow getting an over determined algebraic system.
The solution of such a multi-parametric system will provide the possibility for estimating an earthquake's magnitude and epifocal coordinates' prediction accuracy and will be very useful for further research of the nature of the tectonic processes.
There are possible current changes of the volcanic chamber state such as: internal pressure, solid-liquid to gas ratio, average density, intensity of the chemical and electrochemical reactions, etc. that would cause a change of its compressibility and domain response to tidal waves. This response may be observed as a change of shape of the surface tidal waves and perturbation of the Earth's magnetic fields and ionosphere. The multiparametric analysis may improve the reliability and accuracy of prediction.
